Background Military orthopaedic surgeons have published a substantial amount of original research based on our care of combat-wounded service members and related studies during the wars in Iraq and Afghanistan. However, to our knowledge, the influence of this body of work has not been evaluated bibliometrically, and doing so is
important to determine the modern impact of combat casualty research in the wider medical community. Questions/purposes We sought to identify the 20 most commonly cited works from military surgeons published during the Iraq and Afghanistan conflicts and analyze them to answer the following questions: (1) What were the subject areas of these 20 articles and what was the 2013 Impact Factor of each journal that published them? (2) How many citations did they receive and what were the characteristics of the journals that cited them? (3) Do the citation analysis results obtained from Google Scholar mirror the results obtained from Thompson-Reuters' Web of Science? Methods We searched the Web of Science Citation Index Expanded for relevant original research performed by US military orthopaedic surgeons related to Operation Iraqi Freedom and Operation Enduring Freedom between 2001 and 2014. Articles citing these studies were reviewed using both Web of Science and Google Scholar data. The 20 most cited articles meeting inclusion criteria were identified and analyzed by content domain, frequency of citation, and sources in which they were cited. Results Nine of these studies examined the epidemiology and outcome of combat injury. Six studies dealt with wound management, wound dehiscence, and formation of heterotopic ossification. Five studies examined infectious complications of combat trauma. The median number of citations garnered by these 20 articles was 41 (range, in Web of Science. Other research citing these studies has appeared in 279 different journals, covering 26 different medical and surgical subspecialties, from authors in 31 different countries. Google Scholar contained 97% of the Web of Science citations, but also had 31 duplicate entries and 29 citations with defective links.
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Introduction
The conflicts in Iraq and Afghanistan have resulted in more than 5300 deaths and 52,000 battlefield injuries among American service personnel, including more than 2200 major limb amputations [15] . The unique nature of these wounds, which primarily result from explosive blasts and high-velocity gunshots, has been well documented [4, 9, 10] . Owing largely to advances in personal protective equipment, rapid aeromedical evacuation, and the far-forward movement of advanced medical resources, devastating injuries have become increasingly survivable, even in the face of escalating injury severity, resulting in extremely high musculoskeletal injury burden in combat-wounded survivors [49] .
The need to improve care for injured service members has generated large, congressionally funded research initiatives [59] . Musculoskeletal injury research was first listed as a Department of Defense funding priority in fiscal year (FY) 2005. After preliminary funding beginning in FY 2006, administration was subsequently shifted to the Congressionally Directed Medical Research Programs office (subordinate to the US Army Medical and Materiel Command) in FY 2009, which established the Peer-Reviewed Orthopaedic Research Program. To date, these programs have provided nearly USD 250 million for military and civilian researchers [48] .
Given the large funding resources and federal attention directed toward these medical programs, investigators have an obligation to demonstrate the relevance and success of their sponsored research activities, particularly if additional funding is to be pursued for new project initiation or sustainment of existing programs. Ideally, research programs would improve our understanding of musculoskeletal combat injuries and their management as well as help identify wider applicability within the civilian medical community. In general, the number of times an article is cited (citation analysis) is used to assess its impact [5, 7, 18] . The emergence of indexing services collecting information on citations of individual articles has greatly expanded the ability of researchers and clinicians to quickly access information. The related metric for individual journals is the Impact Factor, frequently used as a surrogate quality measure and an important element when researchers consider journals to which to submit their work [27, 29, 45, 50] . Consequently, citation analysis is typically performed using results from Thompson-Reuters' Web of Science, whose results form the basis for Impact Factor calculations. Google Scholar also publishes similar information on number of citations. This resource, although free to use, relies on automated web crawlers and publisher-submitted information and so is not commonly used in formal academic research.
During the past decade, the technique of citation analysis has been used across nearly all surgical specialties and subspecialties for a variety of purposes [3, 13, 14, 30, 36, 43, 57] . Within orthopaedic surgery, researchers have used the Web of Science to identify the most cited articles in pediatric orthopaedics [25, 58] , spine surgery [12] , arthroscopy [6] , arthroplasty [21] , hand surgery [24, 56] , shoulder surgery [35] , and foot and ankle surgery [1] . The works provide a ready reference of ''citation classics,'' or articles that can be used by subsequent researchers and students. Although a few studies have assessed the impact of orthopaedic research performed by military surgeons [51, 55] and summarized the effects of war on the surgical literature [38] , we are unaware of any formal citation analysis performed on orthopaedic research based on the wars in Iraq and Afghanistan.
We sought to identify the 20 most commonly cited works from military orthopaedic surgeons published during the Iraq and Afghanistan conflicts and analyze them to answer the following questions: (1) What were the subject areas of these 20 articles and what was the 2013 Impact Factor of each journal that published them? (2) How many citations did they receive and what were the characteristics of the journals that cited them? (3) Do the citation analysis results obtained from Google Scholar mirror the results obtained from Thompson-Reuters' Web of Science?
Materials and Methods
Web of Science (Thompson Reuters, San Francisco, CA, USA) and Google Scholar were searched for relevant articles. The Web of Science indexes peer-reviewed scientific articles based on the number of times the article is cited and permits sorting of articles by number of times cited. Similar to PubMed and several other databases, inclusion in the Web of Science is based on scholarly criteria as determined by a literature review committee. In contrast, Google Scholar indexing is performed by automated indexing and publisher-submitted information and also includes conference abstracts, book chapters, patent applications, and government reports. Google Scholar does not publish a metric comparable to Thompson-Reuters' Impact Factor.
Our first research question was: What were the subject areas of the 20 most cited articles from military surgeons related to the wars in Iraq and Afghanistan, and what was the 2013 Impact Factor of each journal that published them? To answer this, two independent physician researchers (GCB, JAW) performed a keyword search in Web of Science using the terms orthop*, military, combat, war, casualty, Army, Navy, Marine*, soldier, Operation Iraqi Freedom, and Operation Enduring Freedom as single terms and in combination. The resulting list was subsequently limited to English language works published between the years 2001 and 2014, yielding a total of 8507 potentially relevant results. The list was sorted by number of citations for each work, and, beginning from the most cited articles, abstracts were screened for articles related or applicable to orthopaedic combat casualty care performed at military healthcare or research facilities. Discrepancies between reviewers were settled through discussion and consensus. Review articles not containing original research were excluded. The 20 most frequently cited articles were identified, and their publishing journal's 2013 Impact Factor was recorded from listings in Web of Science.
Our second research question was: How many citations did each of these 20 articles receive, and what are the characteristics of the journals and researchers that cited them? Using citation listings from Web of Science, the total number of indexed journal articles citing these works was collected as well as the article title, journal name, journal subject area, and country of origin of the authors. Book chapters, conference abstracts, and other nonpeerreviewed publications were not recorded.
Our third research question was: How do the results of a citation analysis from Google Scholar compare with the results from the Web of Science? To answer this, we examined the citation listings for each of the 20 articles in Google Scholar, recording the article title, journal name, journal subject area, and country of origin of authors. Additionally, we also recorded the number of duplicate entries and ''defective links'' (entries recorded as citing one of the top 20 most cited articles that did not link to a source publication) in Google Scholar. Book chapters, conference abstracts, and other nonpeer-reviewed publications from both databases were not recorded. The results of this search were compared with the results of the Web of Science search to determine how many entries found in Web of Science did not appear in Google Scholar.
Results
The 20 articles encompassed three distinct subject areas: epidemiologic studies of combat casualties [2, 11, 26, 32, 39, 40, 46, 52, 53] ; basic and translational science of combat wounds and heterotopic ossification [16, 17, 19, 20, 37, 47] ; and infectious complications of combat injuries [23, 34, 41, 42, 54] . The median Impact Factor of journals publishing the 20 most cited articles (based on 2013-2014 data) was 3.635 (range, 1.54-9.416; Table 1 ). The journal with the highest impact factor was Clinical Infectious Diseases (Impact Factor 9.41), and the lowest was the Journal of Orthopaedic Trauma (Impact Factor 1.54). Four of the 20 studies were funded with external US government research grants. Seven of the 20 studies were performed at the US Army Institute of Surgical Research, which is directly funded by Congressionally directed research monies.
The median number of English language peer-reviewed citations (per Web of Science data) per study was 41 (range, Tables 3, 4) .
Within Google Scholar, the 20 articles received 2198 citations. Of these, 305 were nonpeer-reviewed sources (book chapters, graduate student dissertations, editorial articles, patent applications, and conference abstracts), and 165 were non-English language sources. A total of 32 entries were duplicates (the same peer-reviewed article listed twice), and 29 were listed citations that contained no information on the citing source and did not link to an external source (''defective links''). When manually compared with the results from the Web of Science, Google Scholar failed to list 36 of the 1235 (3%) Web of Science citations.
Discussion
The wars in Iraq and Afghanistan have resulted in over 50,000 combat-wounded American service members, the vast majority of whom sustained orthopaedic injuries. The care provided by military surgeons has resulted in a large body of research whose impact has not been previously described in a quantitative manner. Citation analysis is the generally accepted method for assessing research impact by specifying the number of peer-reviewed articles indexed in a scholarly database (Thomson-Reuters' Web of Science) citing an initial work. Although this tool is far from perfect, it does give some idea of the degree of dissemination an article has received and the subsequent research it has influenced. The major findings of this study are the identification of the 20 most cited articles by military surgeons dealing with the care of injured service members, the primary subject areas of these articles (epidemiology of combat injuries, basic and translational science, and infectious complications of war trauma) and that these articles have influenced research in medical and surgical specialties well beyond orthopaedic surgery. The first and most important limitation of this study is that the results of citation analysis do not necessarily equate to the actual clinical importance of a body of research nor does it necessarily equate to impact on orthopaedic surgery or the wider field of medicine. This problem remains inherent to the technique of citation analysis. Similar to the Impact Factor metric for journals, citation analysis demonstrates who is citing a particular article in their work, but it does not tell us the context in which the work was cited or the degree to which that work actually influenced the development of subsequent studies. Unfortunately, no other accepted quantitative metric currently exists to more accurately reflect the impact of research. The results of this study, and the many previous similar studies in other areas of orthopaedic surgery and medicine, remain useful despite this imperfection.
The second limitation of this study was our inclusion criterion requiring studies to have been performed at military healthcare or research facilities. This requirement was placed to ensure that only research conducted by uniformed surgeons was included. However, the US military has developed extensive partnerships with civilian institutions, and healthcare is no exception. There are uniformed surgeons working in civilian facilities across the country, and it is possible that some of these surgeons are conducting research potentially relevant to this study. In the event these surgeons did not list a military institutional affiliation, we would have assessed their work. We believe, however, that the likelihood of such a scenario is low, because the vast majority of orthopaedic care provided to combat casualties has occurred in military facilities, and combat casualty research tends to rely on access to these patients to complete relevant studies.
The third limitation of our methodology is that we were unable to include combat casualty research conducted by civilian researchers with military or other governmental funding. This important source extends and supports the work of uniformed personnel, and it would have been quite interesting to explore this facet of combat casualty research. Unfortunately, although the major government funding agencies publish the names and institutions of awardees, it is not always possible to determine which published studies directly benefited from these awards or the degree to which they were reliant on this funding. As active-duty surgeons, we primarily sought to highlight the effect of military combat casualty research, so we limited our methodology accordingly. Fourth, although we believe this is the first study to compare the results of citation analysis from Google Scholar with those from the Web of Science, we recognize that our comparison is incomplete. We have detailed the number of duplicate entries, defective links, and non-English publications we encountered during our search. We also identified that most of the citations listed in Web of Science were found in Google Scholar. The two issues we were unable to address were: (1) Are these results generalizable to citation analysis performed on other works; and (2) what is the quality of the peer-reviewed articles found in Google Scholar but not in Web of Science? Most citation analyses use only Web of Science because only journals indexed in this database contribute to the Impact Factor of a journal. However, it may be that the additional citations in Google Scholar provide a more complete picture of research impact of particular works. Alternatively, these additional citations may be of low quality and provide no additional useful information. Our comparison did not allow us to address these types of questions.
Finally, we also determined that results of citation analysis performed using Google Scholar suffer from large numbers of non-English citations that must be manually screened out as well as multiple duplicate entries and defective links. As a result of the lack of automated results filtering in Google Scholar, we were only able to identify these duplicate and defective entries by manually examining each link, which was highly laborious and timeconsuming. Additionally, our study methodology was limited in that we cannot assess the quality of the several hundred citations contained in Google Scholar that were not Web of Science. The fact that these were articles from journals not indexed by Web of Science may potentially indicate a lower scientific quality. We did find, however, that 97% of the entries identified in Web of Science were also contained in Google Scholar. This emerging resource is attractive in that it is does not require a subscription fee. However, we recommend that future researchers approach this database with some measure of skepticism.
We are aware of only one previous study similar to ours. Orman et al. performed a citation analysis on combat casualty care in the medical and surgical literature at large, identifying the top 50 most cited articles from the first decade of Operations Iraq Freedom, New Dawn, and Enduring Freedom [39] . The authors identified damage control resuscitation and combat casualty epidemiology as the most influential works produced by researchers during this time period (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) . Specifically, military surgeons defined the proper plasma-to-red blood cell ratio in massive transfusion protocols, which has since been incorporated as standard practice in civilian centers. The authors also discussed the military literature on hemorrhage control using tourniquets, which led directly to a resurgence in use by civilian prehospital trauma providers [33] . No mention was made in Orman et al.'s study of orthopaedic-specific literature, although it is worth noting that #2 and #7 on their list of most cited articles are #1 and #2 in our study. It is also interesting that the total number of citations in Web of Science for the two articles has approximately doubled in the intervening 2 years since Orman et al.'s article was published, demonstrating the ongoing relevance of this type of research, even as our involvement in Iraq and Afghanistan has decreased. Any time military surgeons conduct research on combat casualties, there is the risk that any result will only be applicable within the military population. However, there are numerous examples of commonplace orthopaedic interventions that were originally developed in war. Stabilization of fractures before transport [31] , meticulous débridement of open fractures [44] , and use of tourniquets to prevent exsanguination from extremity wounds [28] all found their start in combat. Even today, ongoing innovations such as negative pressure wound therapy [8] and refined prosthetics and rehabilitation techniques [22] all owe their proliferation, at least in part, to the knowledge gained by the treatment of combat-wounded in military hospitals around the world. War and orthopaedic surgery have always been intimately related.
In summary, the 20 most cited articles from military surgeons related to the wars in Iraq and Afghanistan garnered a median of 41 citations each. These works were used by dozens of medical and surgical subspecialties in subsequent works by authors from around the world. This suggests that military research continues to impact civilian orthopaedic practice in meaningful ways. Our findings further argue for the continued importance placed on military orthopaedic research by federal funding programs and suggest that the military continues to be an important source of orthopaedic innovation. We believe that the results of this study should encourage further militarycivilian collaborative research to maximize the use of the knowledge gained in the treatment of war trauma.
